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WHAT IS CLAIMED IS: 
1 . \ A data processing system comprising: 

a source device participating in a multicast group and including: 

a first source application instance (AI) producing a first unit of 
ork stream; and 

communication services (CS); 
multiple destination devices participating in the multicast group, each 
destination JJevice in the multicast group including: 

at least one destination AI which consumes units of work; and 
10 \CS; 

communication services/fabric providing communication between the 
source device ano the multiple destination devices; and 

multiple s&urce and destination resources (SDRs), each SDR 
implementing a reliable transport service between the source device and a 
15 corresponding one oVthe multiple destination devices in the multicast group for 
delivery of the first umt of work stream at the corresponding destination device 
and guaranteeing strong ordering of the first unit of work stream received at the 
corresponding destination device. 

20 2. The data processin^system of claim 1 wherein the CS in the source 
device verifies that a predetermined percentage of destination AIs in the 
multicast group reliably receives each unit in the first unit of work stream. 

3. The data processing system of claim 2 wherein the predetermined 
25 percentage is 100% of the destination AIs. 

4. The data processing system onclaim 2 wherein the predetermined 
percentage is less than 100% of the destination AIs. 

30 5. The data processing system of clain^2 wherein the CS in the source 
device includes: 
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an acknowledgement counter which counts acknowledgements received 
from dae corresponding destination devices in the multicast group indicating that 
the corresponding destination device has received a unit of work in the first unit 
of work stream. 



10 
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6. Theydata processing system of claim 5 wherein the CS in the source 
device generates a completion event when the acknowledgement counter 
indicates thatVhe predetermined percentage of destination AIs in the multicast 
group have acmowledged the unit of work has been received. 

7. The data p\ocessing system of claim 2 wherein the CS in the source 
device includes: 

a bit-mask artay which assigns a unique bit for each destination AI in the 
multicast group and clears each bit as a corresponding acknowledgment is 
received from the corresponding destination device in the multicast group 
indicating that the corresponding destination device has received a unit of work 
in the first unit of work stream. 



8. The data processing ^stern of claim 7 wherein the CS in the source 
20 device generates a completioAevent when the bit-mask array has the 

predetermined percentage of bits cleared in the bit-mask array indicating that the 
predetermined percentage of destination AIs in the multicast group have 
acknowledged the unit of work his been received. 

25 9. The data processing system )bf claim 1 wherein the CS in the source 

device replicates the first unit of work stream for transmission to the destination 
AIs in the multicast group. 

10. The data processing system of cl^im 1 wherein the communication 
30 services/fabric includes at least one replicater component for replicating the first 
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unit of worn stream for transmission to the destination AIs in the multicast 
group. \ 

1 1 . The data processing system of claim 1 wherein the data processing 
5 system further comprises: 

at least ones middleware AI. 

12. The data processing system of claim 1 1 wherein the CS in the source 
device includes a timing window and if the timing window expires without 

1 0 necessary conditions fona completion event occurring, then the middleware AI 
or CS tracks and resolvesVnissing acknowledgments. 

13. The data processing system of claim 1 1 wherein a given AI joins the 
multicast group by performing a multicast join operation, and the middleware AI 

15 or CS determines whether the gv/en AI can join the multicast group, validates 
access rights, and informs the devices participating in the multicast group of 
changes in the group. \ 

14. The data processing system oiJ claim 1 1 wherein a given AI leaves the 
20 multicast group by performing a multicast leave operation, and the middleware 

AI or CS informs the devices participating in the multicast group to remove the 
given AI from the destination list, to complete all in-flight units of work as 
though the given AI were still present, and to not target the given AI for units of 
work not yet launched. \ 
25 \ 

15. The data processing system of claim 1 lVwherein an AI, middleware AI, 
or CS performs a get attribute operation to querA current attributes of the 
multicast group. \ 

30 16. The data processing system of claim 1 1 wherein an AI, middleware AI, 
or CS performs a set attribute operation to set multicast group attributes. 
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17. The data processing system of claim 1 1 wherein middleware AI 
performs a remove member operation to remove a given AI from the multicast 
group withoutVnvolving the given AI. 



1 8. The data processing system of claim 1 wherein an agreed to multicast 
address is employed to address AIs in the multicast group. 

19. The data processing system of claim 18 wherein the CS in each device 

1 0 participating in the multicast group interprets the agreed to multicast address and 
responds to the agreed t© multicast address to perform a reliable multicast 
operation on behalf of th^corresponding destination AI. 

20. The data processing System of claim 1 wherein the data processing 

1 5 system performs a reliable multicast operation having substantially the same 
semantic behavior relative to a given AI as an unreliable multicast operation. 

21. The data processing systerAof claim 1 wherein the multiple SDRs are 
grouped into multiple SDR groups, wherein each of the multiple SDR groups 

20 includes at least one SDR and is assigned a unique priority level for effecting 
throughput and response time of units work transmitted by the at least one 
SDR. 

22. The data processing system of clain^l wherein the source device also 
25 functions as a destination device and at least \me of the destination devices also 

functions as a source device. 
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23. The data processing system of claim 1 wherein each SDR includes: 

source SDR resources, at the source deviqe, transmitting the first unit of 
work stream in a serial unit of work stream havinaunits of work in a defined 
order over the communication services/fabric; and 
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/ destination SDR resources, at the corresponding destination device, 

receivingythe serial unit of work stream, and demultiplexing the serial unit of 
work streahi into units of work provided to the corresponding at least one 
destination mI. 

5 \ 

24. The dam processing system of claim 23 wherein the destination SDR 
resources proviofe a negative acknowledgement (NAK) for a unit of work 
received ahead of Us defined order. 

10 25. The data processing system of claim 23 wherein the destination SDR 
resources drop a unit omvork received ahead of its defined order. 

26. The data processings system G f claim 23 wherein the destination SDR 
resources provide a positive acknowledgement (ACK) for each unit of work 

1 5 which is successfully receivedWd processed by the destination SDR resources. 

27. The data processing system of claim 23 wherein the destination SDR 
resources provide a cumulative positive acknowledgement (ACK) for a set of 
units of work that indicate that all untts of work in the set of units of work up to 

20 and including a current unit of work ha^e been successfully received and 
processed by the destination SDR resources. 

28. The data processing system of claim 18 wherein the destination SDR 
resources drop a unit of work in response toVm indication that the unit of work is 

25 a duplicate unit of work. \ 

29. A method of processing data comprisingythe steps of: 
producing a first unit of work stream with\a first source application 

instance (AI) at a source device participating in a multicast group; 
30 reproducing the first unit of work stream; \ 
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establishing multiple reliable transport services, each reliable transport 
service being established between the source device and a corresponding one of 
multiple destination devices participating in the multicast group, each destination 
device having at least one destination AI; 

multicasting the reproduced first unit of work stream over a 
communication services/fabric with the multiple reliable transport services; and 

guaranteeing strong ordering of the first unit of work stream received at 
the corresponding destination device. 



10 30. The method of odaim 29 further comprising the step of: 

consuming the fi^t unit of work stream with the at least one destination 
AI at each of the multiple destination devices participating in the multicast 
group. 

15 31. The method of claim 2§t further comprising the step of: 

verifying that a predetermined percentage of destination devices in the 
multicast group reliably has received each unit in the first unit of work stream. 
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32. The method of claim 3 1 whenjin the predetermined percentage is 100% 
of the destination devices. 



33. The method of claim 3 1 wherein tl^e predetermined percentage is less 
than 100% of the destination devices. 



25 34. The method of claim 3 1 further comprising the steps of: 

providing acknowledgments from the corresponding destination devices 
in the multicast group indicating that the corresponding destination device has 
received a unit of work in the first unit of work stream; and 

counting acknowledgements received at the source device. 
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35. The method of claim 34 further comprising the\step of: 
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\ generating a completion event when the acknowledgement counter 
inchoates that the predetermined percentage of destination devices in the 
multicast group have acknowledged the unit of work has been received. 

36. The method of claim 31 further comprising the steps of: 

assigning a unique bit for each destination device in the multicast group 
in a bit-mask array; and 

clearing each bit as a corresponding acknowledgment is received from 
the corresponding destination device in the multicast group indicating that the 
corresponding destination device has received a unit of work in the first unit of 
work stream. \ 

37. The method oflclaim 36 further comprising the step of: 
generating a completion event when the bit-mask array has the 

predetermined percentag^of bits cleared in the bit-mask array indicating that the 
predetermined percentage of destination AIs in the multicast group have 
acknowledged the unit of work has been received. 

38. The method of claim 29 ftirther comprising the step of: 
maintaining a timing window; and 

if the timing window expiresVdthout necessary conditions for a 
completion event occurring, tracking and resolving missing acknowledgments. 

39. The method of claim 29 further comprising the steps of: 

performing a multicast join operation to join a given AI into the multicast 
group including the steps of: \ 

determining whether the given AI can join the multicast group; 
validating access rights; and \ 

informing the devices participating in the multicast group of 
changes in the group. \ 
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40. \The method of claim 29 further comprising the steps of: 
Performing a multicast leave operation to permit a given AI to leave the 

multicastWoup including informing the devices participating in the multicast 
group to remove the given AI from the destination list, to complete all in-flight 
5 units of worlc as though the given AI were still present, and to not target the 
given AI for imits of work not yet launched. 

4 1 . The methbd of claim 29 further comprising the step of: 
performing get attribute operation to query current attributes of the 

10 multicast group. 

42. The method of Alaim 29 further comprising the step of: 
performing a set attribute operation to set multicast group attributes. 

15 43. The method of clairr^9 further comprising the step of: 

performing a remove member operation to remove a given AI from the 
multicast group without involving the given AI. 

44. The method of claim 29 fiVther comprising the step of: 

20 addressing AIs in the multicast group with an agreed to multicast 

address. 

45. The method of claim 29 furtheA:omprising the steps of: 
grouping the multiple reliable transport services into multiple reliable 

25 transport service groups, wherein each of ^he multiple reliable transport service 
groups includes at least one reliable transport service; and 

assigning a unique priority level to each reliable transport service group 
for effecting throughput and response time orunits of work transmitted by the at 
least one reliable transport service. 

30 
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le method of claim 29 wherein the source device also functions as a 



destinatiomdevice and at least one of the destination devices also functions as a 
source device. 

5 47. The method of claim 29 further comprising the step of: 

providinaa negative acknowledgement (NAK) for a unit of work 
received at a corresponding destination device ahead of a defined order assigned 
to the unit of workA 

10 48. The method of maim 29 further comprising the step of: 

dropping a unit olf work received at a corresponding destination device 
ahead of a defined order assigned to the unit of work. 

49. The method of claim 29 further comprising the step of: 

1 5 temporarily storing a unit of work received at a corresponding destination 

device ahead of a defined order atesigned to the unit of work. 

50. The method of claim 49 further comprising the step of: 
performing a resynchronization operation to recover a missing 

20 intermediate unit of work. \ 

5 1 . The method of claim 29 further comprising the step of: 
providing a positive acknowledgement (ACK) for each unit of work 

which is successfully received and processed at a corresponding destination 
25 device. \ 

52. The method of claim 29 further comprising the step of: 

providing a cumulative positive acknowledgement (ACK) for a set of 
units of work that indicate that all units of work in the set of units of work up to 
30 and including a current unit of work have been successfully received and 
processed at a corresponding destination device. \ 



50 



0 # 

PATENT 
HPDNO.: 10991834-2 

7 v 

53. Tha method of claim 29 further comprising the steps of: 

inchoating that the unit of work is a duplicate unit of work based on the 

unit of work oeing received at a corresponding destination device behind a 
5 defined order assigned to the unit of work; and 

dropping the unit of work in response to the indication that the unit of 

work is a duplicate unit of work. 
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